At a recent gathering of bacteriologists from all parts of the country a complaint frequently heard concerned the increasing number of molds in the bacteriology laboratory, and the difficulty in controlling them. The possibility that insects play a r6le in the spread of molds seems not to be generally recognized. An experienced bacteriologist has remarked, "Very old cultures almost always become contaminated with molds unless they are sealed from the air. I think the spores are drawn in from the air as the agar and plug shrink from drying." A bacteriologist working in another city has told the writer of finding some of his most carefully cherished plate cultures alive with mites. Puntoni (1931a) reports that an apparent return to virulence in BCG cultures was found to be due to a contamination by virulent tubercle bacilli carried from near-by cultures by mites. Very seldom have mites themselves been found in the author's own cultures of bacteria; but experience has taught that when molds begin to appear prompt measures should be taken to check mites. These crawl between cover and dish of agar plates, find an uncongenial environment, and usually do not stay. Later marginal colonies of a mold or of a foreign bacterium develop in their wake. In mold-contaminated test-tube cultures a careful examination with the hand lens often reveals parallel lines of minute bacterial colonies beyond the range of growth from the original points of inoculation. These have developed along the lines of progress of the mites as they have wandered over the culture carrying bacteria on their tarsi.
At a recent gathering of bacteriologists from all parts of the country a complaint frequently heard concerned the increasing number of molds in the bacteriology laboratory, and the difficulty in controlling them. The possibility that insects play a r6le in the spread of molds seems not to be generally recognized. An experienced bacteriologist has remarked, "Very old cultures almost always become contaminated with molds unless they are sealed from the air. I think the spores are drawn in from the air as the agar and plug shrink from drying." A bacteriologist working in another city has told the writer of finding some of his most carefully cherished plate cultures alive with mites. Puntoni (1931a) reports that an apparent return to virulence in BCG cultures was found to be due to a contamination by virulent tubercle bacilli carried from near-by cultures by mites. Very seldom have mites themselves been found in the author's own cultures of bacteria; but experience has taught that when molds begin to appear prompt measures should be taken to check mites. These crawl between cover and dish of agar plates, find an uncongenial environment, and usually do not stay. Certain facts concerning the habits and life history of mites explain some of the difficulties encountered in their control. Many if not most of the mites which are laboratory pests belong among the Tyroglyphidae. Banks (1915) states that at one period of their development the young Tyrc5glyphs develop a plate of sucking discs by means of which they attach themselves to an insect, and in a non-motile and non-feeding form, the hypopus, are transported to a new feeding ground. Thus, cockroaches and flies in a laboratory are potential foci for the spread of mites.
Fortunately for bacteriologists, not all laboratories are located in centers where cockroaches abound. However, with the importation of glassware directly from such centers there is a recurring possibility of the introduction of these insects with the excelsior and paper wrappings of the shipments. Many bacteriologists are not familiar with the annoyance which roaches themselves cause in plate cultures. Young roaches, attracted by the agar, will enter a petri dish and wander over the surface of the culture, bringing mold conidia and bacteria with them from the dust of the room. Some of them, at least, either cannot exert strength enough to force their way out again, or do not care to do so, and hence they may be found actively exploring all parts of the agar surface. Several years ago, while engaged in hospital work, we found a three-quarter inch roach in a virulent Eberthella typhi plate. We have never caught a full grown roach in a culture plate, though part of an egg case was once recovered from the surface of the agar in such a dish.
Far more insidious than the cockroach, and perhaps often traceable to its presence, is the large group of microscopic mites. On old wood such as window sills, cupboards, chairs, floors, sharp scrutiny often reveals rapidly moving animals so minute as ordinarily to pass unnoticed. These are sometimes called "wood lice," and in their inconspicuous yet numerous existence they are typical of the Acarina. In the course of time these wood mites can crawl into a petri dish culture, leaving mold or bacterial spores to develop into colonies later. The Acarina are small in size. The imagoes may be more or less than 0.5 mm. in length; they have four pairs of legs. The larvae are so small as to be altogether invisible without a strong hand lens or microscope; they have but three pairs of legs. The several genera are almost omnipresent, and their habits of life make it possible for them to penetrate into locations which are wont to be considered safe from any kind of infestation. Some of them, as the "itch mite," are generally familiar by reputation. Yet not as parasites, but as vectors, do mites need consideration in a bacteriological laboratory. As mechanical carriers of common dust organisms, the familiar mold and bacterial "air contaminants" which appear in laboratory cultures, these insect invaders require certain precautions on the part of the laboratorians.
The writer's own knowledge of mites as a cause of contamination in bacterial cultures came about as the result of a growing interest in actinomyces and hyphomycetes, and the gradual accumulation of pure cultures of such forms. During a summer vacation mites found their way into a "dust-proof" cabinet in which all the stock bacterial and mold cultures had been stored, and travelled from tube to tube sowing actinomyces and molds and foreign bacteria in most tubes. The initial work of plating and fishing which was necessary to reestablish pure cultures was slight in comparison with subsequent efforts to eradicate the mites from the storage cabinets and their environs.
No perfectly satisfactory method of combating mites has been found, but certain measures have proved to be of sufficient value to warrant endorsement. First among these is the exclusion from the laboratory of everything from outside environments, especially insects. Flies carry mites from plants and plant refuse such as rotting fruits. Fine-meshed window screens and a spray gun are used for them. Sodium fluoride mixed with powdered sugar is an efficient roach control agent but its danger to laboratory cleaners makes its use questionable.2 Various powders on the market have value for this purpose; they must be used around every water pipe, at the base of every piece of furniture, and around the edges of the room, and must be renewed every ten days. None of those which we have tried has been very satisfactory. Sprays also are used against cockroaches. One which is marketed under the trade name of Kil-in-Sec3 has proved to be especially effective.
The use of metal instead of wood in laboratory furnishings, and frequent and free use of disinfecting solutions, such as lysol, in dusting the entire laboratory are of very real value, though of a general rather than of a specific nature. A 2 per cent solution of lysol will kill some mites only if they are immersed in it for several minutes. Experiments have proved that their surface is difficult to wet, and that they are very resistant to chemicals.
Bacteriological techniques modified for use against locomotive, free-living invisible forms should be more successful than they have proven. It is hard for a bacteriologist to orient himself to the presence of organisms which pass cotton filters in both directions. Mites pass easily between the fibers of firm cotton plugs, travelling from tube to tube through a whole basket of cultures, mixing organisms throughout their progress. This has occurred even in cultures capped with tinfoil which was tightly bound down with rubber bands. Thom (1930) and Puntoni (1931b) recom-mend the use of poisoned plugs to keep mites from entering test tube cultures of molds. Our own experience in applying this technique to bacterial cultures has been so disastrous that we strongly advise against it for this group of organisms. Other means of preventing migrations must be sought.
Three procedures have proved especially effective in mite control. First, shelves were built with legs which, protected by glass cups, were stood in broad shallow basins of lysol solution.4 The whole was placed on a table several inches from the wall of the room. Shelves and framework were thoroughly brushed with a mixture of equal parts of turpentine and linseed oil. This killed all insects and mites on the wood. These shelves are kept wholly for the care of cultures. All equipment for use in stock transfers is brought directly from the autoclave to these shelves, thus insuring a clean foundation for work. It has been found that strong acids killed instantly those species which infested our cultures,5 though no other types of chemical accomplished this. The next procedure, therefore, is to remove items from these shelves only to such surfaces as have been freshly wiped with 50 per cent acetic acid solution, or to iron tripods which have been freshly flamed. Plate or test tube cultures are wiped with 50 per cent acetic after study, or are treated with dichlorbenzene as described below, before being returned to the shelves. This is not so sure an agent as the acetic acid, but it is less disagreeable to the worker. loosened to allow free passage of gases. One hour of this treatment has been found ample to kill mites in petri dishes; so two hours have been adopted as the routine duration of treatment for petri dish, and four hours for test tube cultures. This process is repeated every forty-eight hours for a period of twelve days,6 to insure the destruction of the larvae as they hatch from the eggs. Open dishes of dichlorbenzene are closed into cupboards and closets and incubators where infestation is suspected, and the twohour exposure to the crystals is repeated at forty-eight hour intervals as above, as lysol does not eradicate mites from shelves or cupboards.7
The procedures outlined above are of great assistance in controlling the activities of mites, but they cannot be considered as 100 per cent effective. Experienced mycologists and Drosophilists alike agree that eternal vigilance is the price that must be paid for freedom from the depredations of mites. Though bacteriologists have at their disposal a technique developed for dealing with invisible organisms, they must enlarge its scope to include this group of locomotive forms which can pass through cotton filters, and multiply in dry environments as well as flourish in well moistened air. Especially should this be done in the face of the growing interest in variation and in cyclogenic studies, where the most rigid conditions for pure culture perpetuation must be maintained.
